It has been reported that masked hypertension, a state in which patients show normal clinic blood pressure (BP) but elevated out-of-clinic BP by self-measured home BP, is a predictor of cardiovascular morbidity much like sustained hypertension. In addition, nocturnal BP is closely associated with cardiovascular disease. This might mean that ambulatory and self-measured home BP monitoring each provide independent information. We performed ambulatory BP monitoring, self-measured home BP monitoring, echocardiography and carotid ultrasonography in 165 community-dwelling subjects. We subclassified the patients according to the ambulatory and self-measured home BP levels as follows: in the masked nocturnal hypertension group, the self-measured home BP level was <135/85 mmHg and the ambulatory nocturnal BP level was ≥ 120/75 mmHg; in the normotensive group, the self-measured home BP level was <135/85 mmHg and the ambulatory nocturnal BP level was <120/75 mmHg. The intima-media thickness (IMT) and relative wall thickness (RWT) were greater in the masked nocturnal hypertension group than in the normotensive group (IMT: 0.76 ± 0.20 vs. 0.64 ± 0.14 mm, p <0.05; RWT: 0.50 ± 0.14 vs. 0.41 ± 0.10, p <0.05) . Even in hypertensives with well-controlled self-measured home BP, elevated ambulatory nocturnal BP might promote target organ damage. We must rule out masked hypertension using self-measured home BP monitoring, and we might also need to rule out nocturnal masked hypertension using ambulatory BP monitoring. (Hypertens Res 2007;
Introduction
In the condition known as "masked hypertension," the ambulatory blood pressure (BP) level estimated by ambulatory BP monitoring is elevated although the clinic BP level in normal (1) . The frequency of this condition has been estimated to be around 20% (1, 2) . Masked hypertension has also been called isolated ambulatory hypertension (IAH), and recently it was reported that both IAH and sustained hypertension predicted cardiovascular morbidity (3, 4) . Masked hypertension can be evaluated using self-measured home BP monitoring. It has also been reported that masked hypertension detected by selfmeasured home BP monitoring predicted cardiovascular events (5) .
The nocturnal BP level is one of the most important of the parameters evaluated by ambulatory BP monitoring. It has been proposed that nondippers, who exhibit a diminished nocturnal BP fall, constitute a subgroup whose abnormal diurnal BP variation is associated with increased rates of target organ damage and poorer prognosis for cardiovascular events compared with dippers, who exhibit a normal nocturnal BP fall (6, 7) . Some authors have reported that ambulatory nocturnal BP was closely associated with cardiovascular dis-ease (8) (9) (10) . Even if the self-measured home BP level is normal, elevated ambulatory nocturnal BP might promote target organ damage.
Methods

Subjects
This cross-sectional study was conducted in 1998, in the Miyori district in the rural community of Kinugawa, Tochigi Prefecture, Japan. A total of 181 adults (33% of the 541 residents aged 20 years or older) gave informed consent and participated in this study. Sixteen subjects were excluded because ambulatory and self-measured home BP monitoring could not be performed. We excluded subjects with renal failure (serum creatinine level ≥ 176 μmol/l) or hepatic damage (aspartate aminotransferase or alanine aminotransferase > 40 IU/l), or with a past history of coronary artery disease, stroke, congestive heart failure, or atrial fibrillation. There was no subject with a past history of a diagnosis of secondary hypertension.
Diabetes mellitus was defined by a fasting glucose level ≥ 7.0 mmol/l, a random nonfasting glucose level ≥ 11.1 mmol/l, hemoglobin A1c ≥ 6.2%, or the use of an oral hypoglycemic agent (no patients used insulin). Hyperlipidemia was defined by a total cholesterol level ≥ 6.2 mmol/l or the use of a lipid-lowering agent. Body mass index (BMI) was calculated as weight (kg)/height (m) 2 .
Clinic BP, 24-h Ambulatory BP Monitoring and Self-Measured Home BP Monitoring
Clinic BP was measured using a cuff oscillometric device (UA-631; A&D, Tokyo, Japan). Two consecutive readings were taken at clinic visits by physicians at 1-min intervals after 5 min of rest in a sitting position. Noninvasive ambulatory BP monitoring was carried out on a weekday with an automatic device (TM-2425; A & D Company Inc., Tokyo, Japan) that recorded BP and heart rate every 30 min for 24 h. The accuracy of these devices was demonstrated previously (11) . The ambulatory BP data used in the present study were obtained by the oscillometric method. Ambulatory nocturnal BP was defined as the average of the BPs from the time when the subjects went to bed until the time they got out of bed, and awake BP as the average of BPs recorded during the rest of the day. We defined nocturnal hypertension as an ambulatory nocturnal BP level ≥ 120/75 mmHg (12) . All patients were instructed to measure BP using a cuff oscillometric device (UA-631; A & D Company Inc.) at the same upper arm position. The self-measured BP was the average of all readings collected during 3 days. After 5 min of rest in the sitting position, patients performed 2 consecutive self-measurements of BP twice daily, in the morning between 5 and 10 AM and in the evening between 5 and 10 PM. We defined hypertension as an average self-measured home BP level ≥ 135/85 mmHg (12) . We subclassified the patients according to the ambulatory and self-measured home BP levels as follows: Group A, the self-measured home BP level was ≥ 135/85 mmHg and the ambulatory nocturnal BP level was < 120/75 mmHg; Group B, the self-measured home BP level was ≥ 135/85 mmHg and the ambulatory nocturnal BP level was ≥ 120/75 mmHg; Group C (normotensive group), the self-measured home BP level was < 135/85 mmHg and the ambulatory nocturnal BP level was < 120/75 mmHg; Group D (masked nocturnal hypertension group), the self-measured home BP level was < 135/85 mmHg and the ambulatory nocturnal BP level was ≥ 120/75 mmHg ( Fig. 1 ).
Echocardiographic Examination
M-mode echocardiography was performed with two-dimensional monitoring. The left ventricular (LV) chamber recording was obtained at the tip of the mitral valve. The interventricular septal thickness (IVST) and posterior wall thickness (PWT) were measured at end diastole. LV internal dimensions were made at end diastole (LVIDd) and end systole (LVIDs), in accordance with the recommendations of the American Society of Echocardiography.
LV mass (LVM) was calculated using the regression equation recommended by the American Society of Echocardiography (ASE) (13):
The LVM index (LVMI) was calculated using standard formulae. The relative wall thickness (RWT) was calculated as 2 × PWT/LVID (13). 
Carotid Ultrasonography
Imaging of the right and left extracranial carotid arteries was performed using a 7.5 MHz transducer with the subject supine and the neck hyperextended. Measurement of the intimamedia thickness (IMT) of the far wall at the end of diastole was performed in B-mode. A minimum of 3 measurements of the right and left common carotid far wall were taken 10 mm proximal to the bifurcation to derive the mean carotid IMT.
Statistical Analysis
All statistical analyses were carried out with SPSS/Windows, version 11.0J (SPSS Inc., Chicago, USA). One-way analysis of variance (ANOVA) was performed to detect differences among groups, and Tukey's honestly significant differences (HSD) test was used for multiple pairwise comparisons of means among groups. The χ 2 -test was used to evaluate differences in prevalence rates. A value of p < 0.05 was considered significant. Table 1 shows the characteristics of each group. There were no significant differences in age, BMI, smoking, hyperlipidemia, or diabetes mellitus among the four groups. The prevalence of males was lower in Group D than in Group A. The prevalence of hypertensive treatment was lower in Group C than in any other group. Clinic systolic blood pressure (SBP) and diastolic blood pressure (DBP), 24-h SBP and DBP, awake SBP, and nocturnal SBP were lower in Group C than in any other group.
Results
IMT was higher in Group B than in Group C, and was higher in Group D than in Group C, and tended to be higher in Group A than in Group C (Fig. 2) . Figure 3 shows the LVMI and RWT values in each group. LVMI was higher in Group B than in Group C. RWT was higher in Groups B and D than in Group C. Multiple regression analysis showed that nocturnal SBP was independently associated with IMT (β= 0.10, p< 0.05) and RWT (β= 0.28, p< 0.001) adjusted by age, male gender, BMI and self-measured home SBP in all subjects. In the subjects with elevated home BP level ≥ 135/85 mmHg; Groups A and B), nocturnal SBP was independently associated with RWT (β= 0.30, p< 0.05), but was not associated with IMT. However, in the subjects with normal home BP level (< 135/85 mmHg; Groups C and D), nocturnal SBP was independently associated with IMT (β= 0.27, p< 0.01) and RWT (β= 0.25, p< 0.05) ( Table 2 ).
Discussion
In this study, the masked nocturnal hypertension group with an elevated nocturnal BP and normal home BP levels had significantly higher IMT and RWT than the group with a normal nocturnal and home BP level. Masked nocturnal hypertension detected in normotensives by home BP measurement might promote the progression of cardiovascular disease. Recently, there have been some reports about the benefits of self-measurement of home BP for antihypertensive treatment and the association with hypertensive target organ damages (5, (14) (15) (16) . However, as shown by this study, there are also nocturnal hypertensives with normal home BP levels. Thus, there is a possibility that it would not be possible to make a diagnosis of masked nocturnal hypertension in these patients with only self-measured home BP measurement. Masked hypertension is defined as normal clinic BP and elevated out-of-clinic BP assessed using either self-measured BP or ambulatory BP monitoring (1, 2) . In a previous study in an urban population in Japan, 10% to 32% of treated hypertensives were classified as hypertensive by home BP measurement, even if they were classified as normotensive by clinic BP (2) . The SHEAF study showed that cardiovascular risk in subjects with masked hypertension is identical to that in subjects with uncontrolled hypertension (5). One report showed that self-measured home BP monitoring might be a more promising option than ambulatory BP monitoring, because it causes less discomfort and disturbance of life and sleep (14) . However, ambulatory and self-measured home BP do not provide the same information. In the PAMELA study, only two-thirds of the patients identified as having isolated clinic hypertension (≥ 140/90 mmHg) based on 24-h BP normality (< 125/79 mmHg) estimated by ambulatory BP monitoring had isolated clinic hypertension based on home BP normality (< 132/83 mmHg) (17) . Furthermore, in only approximately half of the patients with elevated 24-h BP and normal clinic BP, home BP was not concomitantly elevated (17) . In this study, there was also not a significant difference in home BP level between Group C (normotensive group) and Group D (masked nocturnal hypertension group); however, the 24-h and awake BP of Group D were significantly higher than those of Group C. Our results showed that the hypertensive group with elevated ambulatory BP level did not necessarily have an elevated home BP level.
This study showed that masked nocturnal hypertension (i.e., elevated nocturnal BP and normal home BP level) was associated with increased cardiac structure change and carotid atherosclerosis. Many studies have demonstrated that IMT or carotid plaque are markers of atherosclerosis (18) (19) (20) (21) . Ambulatory nocturnal BP level was also independently associated with IMT and RWT. In hypertensive patients, some studies have shown that nocturnal BP is associated with changes of the cardiac structure and IMT (22, 23) . In addition, several studies have found that an abnormal diurnal BP variation characterized by diminished nocturnal BP dipping is associated with clinical and subclinical target organ damage (5, 24, 25) . Moreover, BP variability evaluated by ambulatory BP monitoring was also found to be an independent risk factor for cardiovascular events in Japanese elderly hypertensive patients (26) . However, we cannot make a diagnosis of nocturnal BP dipping using only home BP monitoring. In this study, RWT was greater in the masked nocturnal hypertension group than in the normotensive group. However, there was no significant difference in LVMI between these groups. One report showed that LV concentric remodeling (characterized by normal LVM and increased RWT) was associated with parallel structural changes in large conductance arteries, such as the carotid arteries (27) . LV concentric remodeling is IMT, intima-media thickness; LVMI, left ventricular mass index; RWT, relative wall thickness; BMI, body mass index; SBP, systolic blood pressure; n.s., not significant.
an early and frequent adaptation in arterial hypertension (28) . Therefore, there might be a discrepancy between the progression of LVMI and RWT in hypertensive target organ damage. White-coat hypertension, defined by persistently high clinic BP levels and normal out-of-clinic BP levels, is common in clinical practice (29) . However, it is still controversial whether white-coat hypertension is a benign condition (30) (31) (32) . In this study, some patients in Group D (n= 5) were white-coat hypertensive patients. A fraction of the patients with white-coat hypertension defined by clinic and home BP level might have elevated nocturnal BP level and a prognosis of future hypertensive target organ damage.
The mechanism of ambulatory nocturnal hypertension might involve an effect of antihypertensive agents. It is possible that a more complete effect of BP reduction is exerted while awake, but an incomplete effect is exerted during sleep. In this study, the patient group with an elevated nocturnal but a normal home BP had a significantly higher frequency of antihypertensive agent use than the group with both normal nocturnal and normal home BP. Nocturnal BP might increase as a result of the progression of target organ damage. It has been reported that dippers with target organ damage sometimes show a diminished nocturnal BP fall, becoming nondippers, while patients who have experienced cerebral infarction show a normal nocturnal BP fall in order to maintain cerebral blood flow (33) . Therefore, in this study, we excluded subjects with a past history of cardiovascular disease.
It is important to estimate BP levels by measuring not only clinic BP but also out-of-clinic BP. We must first rule out masked hypertension using self-measured home BP monitoring, and then might need to rule out nocturnal masked hypertension using ambulatory BP monitoring. Hermida et al. reported a reduction in the prevalence of non-dipping from 81.9% to 56.9% when patients with resistant hypertension who had been receiving all their drugs on awaking began to take one of their drugs at bedtime (34) . Hypertensive treatment of high-risk patients who require strict antihypertensive therapy might require ambulatory BP monitoring as well as self-measured home BP monitoring.
